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I present a realistic model of dynamical supersymmetry breaking, in which a U (1) b-l gauge inter- 
action communicates supersymmetry breaking to the standard fields. A distinctive superpartner 
spectrum is predicted in this model. 



1. Motivation 

The large hierarchy between the electroweak scale, 
v, and the Planck scale indicates the existence of a 
symmetry which protects v against quadratic diver- 
gences, and is dynamically broken. If there are light 
fundamental scalars, such as the Higgs doublet, then 
the "protective" symmetry must be supersymmetry. 

If the superpartners of the standard model fields 
find out about supersymmetry breaking from the 
standard gauge interactions, then the superpartner 
spectrum can be computed in terms of few parame- 
ters, and unwanted flavor-changing neutral currents 
are suppressed. This standard gauge mediated su- 
persymmetry breaking (SGMSB) scenario requires 
"messenger" superfields charged under the standard 
gauge group, with a nonsuper symmetric spectrum. 
In the usual SGMSB models Q, where the vacuum 
expectation values (VEV's) of the scalar- and F- 
components of a gauge singlet superfield give the 
masses of the messenger fields, only false vacua have 
experimentally viable properties [Q, |j. The true vac- 
uum may become viable if a second gauge singlet is 
included [§, |j, but in this case there are many in- 
dependent parameters. If mass terms for the mes- 
senger fields are included in the superpotential, then 
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simple SGMSB models can be constructed Hj. It re- 
mains, though, to be shown that this simplicity is 
preserved once a dynamical origin for these masses 
is specified. Other recent SGMSB models involve 
non-generic and nonrenormalizable interactions ||]. 

A different possibility is that the messenger of 
supersymmetry breaking is a spontaneously broken 
gauge interaction. The simplest choice is a U(1)b-l 
that couples to the B — L number. The possibility 
of using U(1)b-l as messenger was first suggested 
in ref. ||, but model building efforts in this direc- 
tion have been hampered by several phenomenolog- 
ical problems: i) it is difficult to give rise to posi- 
tive squared- masses for squarks and sleptons; ii) the 
usual gauginos do not couple to B— L so that they re- 
main too light; Hi) a natural mechanism of breaking 
U{1)b-l spontaneously should be found. A model 
which uses a combination of U{1)b-l and hyper- 
charge as messenger is presented in ref. (7j. How- 
ever, this is not a model of dynamical supersymme- 
try breaking (DSB) because supersymmetry break- 
ing is introduced through Fayet-Iliopoulos terms. 

Here I construct a renormalizable DSB model 
with U(1)b~l as messenger, which solves the phe- 
nomenological problems listed above, and as a con- 
sequence predicts a peculiar superpartner spectrum. 
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2. The Model 

In addition to the minimal super symmetric standard 
model (MSSM) fields, the model I propose contains 
an 577(5) x SU(2) x U(1)b-l gauge group and the 
chiral superfields shown in table 1, which are singlets 
under the standard model gauge group. 





SU(5) 


SU{2) 


U(1) B -l 


At,A 2 




1 





B 
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Xo,± 
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Table 1: Field content of the model. 

The most general dimension-3 terms in the su- 
perpotential are given by 



W = XoAiB 2 + X X 2 (ft + KX+X- 



(2.1) 



To avoid a hierarchy problem, the mass terms (ft 2 and 
X+X- are excluded by invoking a discrete symmetry. 

The 577(2) group is infrared free, so that it must 
be in the weak coupling regime. The SU(5) instan- 
tons generate the following effective superpotential 



A 11 



np (A^B* ' 
where A5 is the scale of 577(5). 

The scalar potential can be written as 



(2.2) 



where 



v = v 5 + v 2 , 



y — ^0 n a n a 1 1 tp . |2 1 1 j7_ 1 2 



'-D$D$ + \F A \* + \F B \ 



(2.3) 



(2.4) 



is the potential of the 577(5) DSB model with two 
generations ||, with the D-term of 577(5), and 
Fa, Fb the usual F-terms of the A and B fields, 
while 

(2.5) 



V 2 = 9 -D a 2 D a 2 + \F^\ 2 + \F^ 2 



x\ 



includes the SU(2) D-potential and the remaining 
\F\ 2 terms. 

The most general parametrization of the B scalar 
field, up to an 577(5) x SU(2) transformation, is 
given by 

/ b \ 
B = I , . 2.6 

\ b' J K ' 

At the minimum at least one of b and b' is nonzero 
(otherwise Fa — > 00), so that SU(2) is completely 
broken. 

At scales where the 577(5) gauge coupling go is 
much larger than Ao, the global minimum of V5 lies 
along the D§ flat directions. In this case, i.e. to 
leading order in Aq/^q, it has been shown numeri- 
cally H that a Qavov-SU (2) symmetry of the 577(5) 
DSB model is preserved, which requires \b\ = \b'\ > 
at the minimum. Thus, the VEV of B does not 
contribute to the SU (2) 7J-term to leading order in 
Aq/^q. As a result, the deepest minimum of V cor- 
responds to the deepest minima of both V5 and V 2 . 
Because V 2 has many classically flat directions, the 
vacuum energy is given entirely by V5. At the mini- 
mum b ~ A ^ n A5 and the vacuum energy is of or- 
1/2 

der A b, so that supersymmetry is spontaneously 
broken. Therefore, the flat directions of V 2 are lifted 
by radiative corrections. 

The (ft and x scalars get masses at one- loop. In 
the Landau gauge, the only relevant diagrams are 
the ones shown in fig.l. The computation of these 
diagrams is difficult because there is mixing between 
the Ai, A 2 and B states. It is possible, however, to 
estimate the one-loop masses of the (ft and x scalars 
by adapting to the present SU(2) sector the Feyn- 
man rules given in ref. |jl0| for the Higgs sector of 
the MSSM. This amounts to compute only the con- 
tributions from the 577(2) doublets which acquire 
VEV's, i.e. Bi and B 2 , where 1 and 2 are 577(5) 
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Fig. 1. Masses for the <f> and \ scalars (horizontal lines) 
from interactions with B scalars (upper graphs), 
SU(2) gauge bosons and SU{2) gauginos. 



indices [see eq. fl2.6| )]. The result is finite and nega- 
tive: the one-loop squared-mass of a scalar in the R 
representation of SU (2) is given by 



Mr 



-c r m 2 



l r — —^ H iu , (2.7) 

where M 2 > and Cr is the eigenvalue of the 
Casimir operator (3/4 for the doublet). M 2 has a 
simple expression if expanded in powers of Ag/g 2 . 
The leading term, proportional to g 4 , cancels because 
supersymmetry is exact in the Ao — > limit. The 
next term in the expansion is positive: 

M 2 = £^^ 2 + m 2 )+O(Xl) . (2.8) 

Here > is the analogue of the ^-term from the 
Higgs sector, i.e. the coefficient of the B\Bi fermion 
mass term (fiQ ~ Ao&), and tjiq > is the coefficient 
of the B\B<i scalar mass term (mo ~ Ao6)- The 
mixing between the A\ , A2 and B states will change 
the numerical coefficient in eq. (pTg|), but it appears 
reasonable to assume that the sign of M 2 will not 
change. 

With the 4> and x negative mass terms included, 
the scalar potential 

r2 



Vn = Vo— M 



-( 

4 V 



1 2 1 1 |2 

Xo\ +\X±\ 



2.< 



has a runaway direction: V 2 ' — ► — 00 for Xo,± = 
and \(p\ — > 00. However, the full scalar potential V 



is positive definite, which implies that the runaway 
direction is lifted by higher dimensional terms. For 
example, one-loop diagrams similar to the ones in 
fig.l but with four external legs induce a |<j!>| 4 term 
in the effective potential, with a coefficient of or- 
der g 2 Ag/(47r) 2 . There is also an infrared divergent 
contribution to the \cj>\ term which should be elim- 
inated by summing up the complete one-loop effec- 
tive potential, leading to a (j) 2 log(/> term. The bal- 
ance between the \(p\ 2 term and the higher dimen- 
sional terms gives the global minimum at 



Xo,± = , \4>\ 



(2.10) 



The soft supersymmetry breaking terms generated 
in the MSSM (see the following sections) are only 
logarithmically sensitive to the value of 1 1 because 
this VEV gives supersymmetric contributions to the 
X± masses. Note that the VEV of 4> breaks a global 
{7(1) and the resulting Goldstone boson, which has 
anomalous couplings to the SU(2) x U(1)b~l gauge 
bosons, is likely to get a Planck scale suppressed 



mass, of order |0| 3 / 2 Mj 



-1/2 



3. Squark and slepton spectrum 

In the vacuum ( |2.10| ) all the x an d fields are mas- 
sive. The four scalar components of the x± super- 
fields are degenerate, with mass 



(3-1) 



The fermion components of x± form two degenerate 
Dirac fermions of mass 



(3.2) 



Because the spectrum of x± is nonsupersymmetric, 
the squarks and sleptons, as well as any other scalar 
charged under U(1)b-l, get masses at two loops (the 
one-loop contributions from the x+ an d X- scalars 
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cancel each other). The leading logarithmic term is 
given by JO]] 

2 



M 



B-L 



[B — L)y 



a. 



2tt 



Str(M2)ln( —) , 



(3.3) 

where the cut-off is of the order of the SU (5) gauge 
boson mass, A ~ gob, and the supertrace over the 
eight x± states, 



Str(M^) = -3M 2 , (3.4) 
is negative because of the 5C/(2)-induced one-loop 



mass [see eq. (|2.7| )] of the x± scalars. 

Thus, the squark and slepton squared-masses are 
indeed positive, which is the primary motivation for 
the choice of the field content in table 1. Given that 
the squarks have baryon number ±1/3 and the slep- 
tons have lepton number =pl, from eq. ( |3.3|) follows 
an interesting prediction for the relation between the 
slepton mass, m^, and the squark mass, m^: 



nii 



3m, 



(3.5) 



This prediction is in contrast with the ones from 
SGMSB models and from supergravity scenarios |i~2| ], 
where the squarks are heavier than the sleptons. 
Hence, if the squarks and sleptons will be observed 
and their masses measured, then the prediction ( |3.5| ) 
will be an important test of the model presented 
here. Another feature is that all the sleptons are 
degenerate (the electroweak corrections are negli- 
gible), whereas in SGMSB models the left-handed 
sleptons are few times heavier than the right-handed 
ones. As discussed in the next section, additional 
fields are necessary for producing gaugino masses. 
These fields will contribute negatively to the squark 
squared-masses, so that the slepton-to-squark mass 
ratio increases further. Note that the squark de- 
generacy is slightly lifted by electroweak corrections 



from the additional fields, and by the stop mixing 
due to the top Yukawa coupling. 

Another difference from the SGMSB models is 
that the Higgs scalars, H u and Hj, do not get masses 
at two loops because they do not carry B — L charge. 
However, they get masses at three loops from the 
interactions with the squarks and sleptons. These 
masses can be estimated by integrating out the x 
fields and computing one-loop radiative corrections 
in the effective theory of heavy squarks and slep- 
tons. Because of the large top Yukawa coupling, 
the stop-loop gives a negative squared-mass to H u 
which drives electroweak symmetry breaking, like in 
the SGMSB case. In order to set v ~ 246 GeV with- 
out fine-tuning, the squark mass should be of order 
few hundred GeV. The slepton mass, in turn, is of 
order 1 TeV. 

The squark mass ?Bq being roughly known, the 
value of b can be computed from eqs. (3J3) and ( |2.8[ ), 
and then one can find out the vacuum energy. Some 
typical values of the parameters, y, g ~ 1, ob-l ~ 
10 -2 , <?o/ K ~ 4-7T, yield a vacuum energy of order 10 3 
TeV, which corresponds to a gravitino mass of few 
hundred eV. In this case, the lightest standard model 



superpartner could decay within the detector [13], 
and the gravitinos may be a dark-matter component 
0- 



4. Gaugino masses and U(1)b-l breaking 

The gauginos of the standard gauge group do not 
couple to U(1)b-l, so that their masses arise only 
at two loops and are of order 1 GeV. Although such 
light gauginos are not conclusively ruled out @, |l5| , 
it appears more plausible that the gaugino masses 
are of the order of the electroweak scale. Another 
problem of the model presented in section 2 is that 
U(1)b~l is unbroken. These two phenomenological 
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problems can be solved by extending the chiral con- 
tent of the model. 

Consider two chiral superfields, q and q, belong- 
ing to some vector-like representation of the stan- 
dard gauge group, and three chiral superfields, Sb,±> 
which carry B — L charges 0, ±yg, and are singlets 
under the standard gauge group. The superpotential 
is given by 



W 



VQQSo + -Sq + (S S + S- 



(4.1) 



The other dimension-3 terms, S<J) 2 and Sx+X-> can 
be eliminated by discrete symmetries. The simplest 
choice of vector-like representation that preserves 
the gauge coupling unification is q+q £ nx(5 + 5) of 
the grand unified 5C/(5)sm group. Gauge coupling 
perturbativity up to the unification scale requires 
n < 4. If these superfields carry B — L charges 
then their scalar components get real masses equal to 
2>y q m,Q. Consequently, the scalar So receives a neg- 
ative squared-mass via the one-loop diagram shown 
in fig. 2, 

2 



m 



S 



-5n 



3y q mQ7] 



2vr 



hi 



A' 



. 3y q m c 



(4.2) 



where A' is a cut-off of order m x . As a result, Sq 
acquires a VEV of order ms , while an i*g -term 
of order m| Q is induced. Therefore, the q and q 
scalars end up with diagonal squared-masses equal 
to (3y q niQ) 2 +r] 2 SQ, and off-diagonal squared-masses 
equal to rjFs , while the q and q fermions pair and 
get Dirac masses equal to t]Sq, so that the usual 



gauginos receive masses at one- loop 11]: 



nr]S( 



4tt 



r\ In r\ T2 In T2 



(4.3) 



1 — r% 1 — T2 

where a { {% = 1,2,3) are the SU(3) C x SU{2) W x 
U(l)y coupling constants, with the usual 5t7(5)sM 
normalization of the hypercharge coupling constant 



q,q, S± 



S 

Fig. 2. Negative squared-mass for the So scalar, 
[ai = (5/3)ay, Y = 2(Q - T 3 )], and 

2 




r]S J ' " rjS 2 ' 

Acceptable gaugino masses can be produced for a 
range of parameters. For example, the values 



m 



q ~ 500 GeV, y q ~ 3, r\ ~ 1.5, n = 3 , (4.5) 



which correspond to |mg | ~ 10 TeV, yield a gluino 
mass of about 200 GeV. The ratios between the three 
Majorana gaugino masses differ from the ones given 
by eq. ( |4.3| ) if q and q belong to other representations 
of the standard model gauge group [jl6(| . 

The q and q fields have also contributions at 
two loops to the squark and slepton squared-masses, 
which are given by eq. ([^) with the coupling con- 
stants, charges and masses appropriately replaced 
11]. These contributions are negative because the 
q and q scalars are heavier than their fermion part- 
ners. For example, the values (^1]) give a decrease 
in m,Q of about 50%, while the effect on the slepton 
mass is negligible. 

For R = C/C < 1 and R(l-R)m 2 s > 2(32/ s mg) 2 , 
the S± scalars acquire VEV's too, breaking U(1)b-l 
as required, at a scale of order 10 TeV. Note that the 
_D-term for U(1)b-l cancels (because S + = 5_ at 
the minimum), so that there are no problems with 
kinetic mixing between the U(1)b-l gauge boson 
and the hypercharge gauge boson |17J . 

A mechanism similar to the one described above 
can be used to generate the fi- and i?-terms. For this 
purpose there is need for three new standard model 
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singlets S'q ± , which carry B — L charges 0,±y' s . For 
Us < VSi a VEV for S'q in the few hundred GeV range 
can be produced, which then gives the higgsino mass 
and the i?-term via an S^HuH^ term in the super- 
potential. Other mechanisms for generating the \x- 
and .B-terms may also be used [18]. 

It should also be mentioned that the U(1)b-l 
anomaly cancellation requires right-handed neutri- 
nos. The VEV of S + can be used to generate a Majo- 
rana mass for the right-handed neutrinos, such that 
small neutrino masses arise by the see-saw mecha- 
nism. One has to worry though that the position of 
the vacuum may be changed if an S+v c v c term is in- 
cluded in the superpotential. Alternately, neutrino 
masses may be prevented by discrete symmetries (in 
this case the lower bound on the U(1)b-l gauge bo- 
son's mass set by primordial nucleosynthesis is ap- 



proximately 2 TeV |19|). 



5. Outlook 

The model described here contains a rather large 
number of parameters: 6 Yukawa couplings and 3 
gauge couplings in addition to the standard model. 
It is also unsatisfactory that the fields which in- 
duce squark and slepton masses cannot be used to 
produce directly the gaugino masses and to break 
U(1)b-l- Furthermore, a separate sector should be 
introduced for producing the fi-term. However, this 
model is more economical than the other known vi- 
able DSB models. For example, the simplest com- 
plete model of SGMSB with a viable true vacuum 
0, contains 13 parameters in the superpotential, 3 
gauge couplings, and the sector that produces the 
^-term, in addition to the standard model param- 
eters. Nevertheless, it would be desirable to find a 
common origin for the sectors that are responsible 
for gaugino and scalar masses, such as a grand uni- 



fied theory in which the fields from different sectors 
belong to the same representation. 

Another unpleasant feature of the SGMSB mod- 
els shared by the model proposed here is that some 
renormalizable terms should be eliminated from the 
superpotential by discrete symmetries. It is unclear 
whether such symmetries are not badly violated by 
Planck scale effects. And in case they are preserved, 
one has to ensure that the domain walls can decay, 
or that a period of late inflation is possible. Infla- 
tion may be also needed for diluting the lightest q — q 
state @. 

Despite these drawbacks, the model proves the 
possibility of B — L mediated supersymmetry break- 
ing. Its importance lies in the distinctive predictions 
for the superpartner spectrum, most notably being 
the large ratio (> 3) between the slepton and squark 
masses. Finally, it is worth pointing out that there 
are other light neutral states besides the gravitino 
and the Goldstone boson discussed in section 2: the 
DSB sector contains a massless fermion Q, and an 



.R-axion |21] with a mass of order 100 MeV given by 
supergravity effects. 
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